New inhibitors of aldose reductase, designated salfredins A3, A4, A7, Cl5 C2, C3 and Bll5 were isolated from the fermentation broth of Crucibulum sp. RF-3817 by successive purification procedures of solvent extraction, silica gel column chromatographies and reverse-phase HPLC.Their structures were established by spectroscopic methods, including UV, SI-MS and NMR. The structures of salfredins A4 and B1 ]L were confirmed by X-ray crystallographic analysis.
inhibitors4 ' 5) , designated as salfredins A3 (la), A4 (2a), A7 (3a), Ci (4a), C2 (5a), C3 (6a) and B1X (7a), were isolated from the fermentation broth of Crucibulum sp. RF-3817. The taxonomy, fermentation, isolation, physico-chemical properties and structures of salfredin congeners are described in this paper. Their biological properties will be reported in a following paper (in preparation).
Taxonomy
The strain RF-3817 was isolated as follows. First, peridioles within the peridium formed on a rotten wood block were immersed in a solution of sodium hypochlorite for one minute to sterilize the surface of the peridioles. Next, the peridioles were washed with sterile water and the basidiospores formed within the peridioles were placed on an appropriate mediumto isolate the strain. On the hyphae of the strain grown on the medium,clamp connections were observed, the width of each hypha being 1 to 5/mi. The peridium of the strain formed on the rotten wood block is pyriform, 5 to 8mm in height, 4 to 6mm in diameter, and has an ocher color. In the upper portion of the peridium, there is an epiphragm having a pale yellowish-white color, which will dehisce when matured.
Within the peridium are lenticular peridioles. The peridioles, 1 to 1.5mm in size, are attached by funiculi to the inner wall of the peridium. Within the peridioles, basidiospores, 3 to 5 by 7 to 10fim, are formed. These properties were compared with the characteristics of other genera belonging to the order Nidulariales, the family Nidulariaceae described by Brodie6) and, by Imazeki and Hongo7) . According to the comparison, the strain was identified as a strain of the genus Crucibulum and named Crucibulum sp. RF-3817. The strain was deposited with the Agency of Industrial Science and Technology, Japan, under the accession No. FERM BP-2888.
Fermentation
Fermentation for the production of salfredins (A3, A4, A7, Cl9 C2, C3 and Bn) was carried out as follows. The culture of Crucibulum sp. RF-3817 on an agar slant (20% potato decoction, glucose 1.0%) was inoculated into 500-ml Erlenmyer flasks containing 100 ml of PsSY seed mediumconsisting of potato starch 2.0%, sucrose 2.0%, and yeast extract (Difco) 0.5% in tap water, without adjusting pH, and cultured on a rotary shaker (180rpm) at 28°C for 5 days. For the production of salfredins, a 4-ml aliquot of each culture was transferred into one hundred 500-ml Erlenmyer flasks, each containing 100 ml of SSY medium consisting of soluble starch 2.0%, sucrose 2.0%, yeast extract (Difco) 0.5%, without adjusting pH, and incubated on a rotary shaker (180rpm) at 28°C for 10-15 days.
Amongthe salfredins, the most potent compounds according to the aldose reductase inhibitor assay were salfredins A4 and C2, which have a glycine residue in the molecule. Rat lens aldose reductase inhibitory activity was measured as follows8). Rat lenses were homogenized in 5mM mercaptoethanol and then centrifuged at 10,000 rpm for 20 minutes. The obtained supernatants were used as the enzyme source. Aldose reductase activities were assayed spectrophotometrically by determining the decrease in NADPH concentration at 340 nm. The reaction mixture contained 0.1 mphosphate buffer (pH 6.2), 0.2m lithium sulfate, 0.1m NADPH, 10mM DL-glyceraldehyde and the enzyme supernatant. The reaction was initiated by the addition of NADPH and monitored spectrophotometrically for the first 2 minutes. Enzymeactivity was adjusted so that the average reaction rate of the control sample gave 0.020 absorbance unit/minute. The percent inhibition of each compound was calculated by comparison with the control solutions, and IC50 values were obtained from least square analysis of the log dose response curves. To achieve their efficient production, the fermentation conditions were examined for salfredin A4 production in the presence of various amounts of glycine in SSY medium (Fig. 2) . As expected, the addition of glycine markedly enhanced the productivity of salfredin A4 and PCV: % packed cell volume.
the highest production was observed in the presence of 1.0% glycine, a level which corresponded to as much as 25 times that of the glycine-free medium. Further addition of glycine (up to 2.0%) lowered its production level as shown in Fig. 2 . The presence of 1.0% glycine also markedly stimulated salfredin C2 production as shown in Table 1 . Even when a more productive CCYmedium(corn starch 3.0%, glucose 2.0%, corn steep liquor 3.0%, peanut meal 1.0%, dried yeast (Iwaki Co.) 0.5%, CaCO3 0.2%, without adjustment pH) was used in place of SSY medium, over 20-fold stimulation by addition of 1.0% glycine was observed for the production of salfredins A4 and C2. On the other hand, the production of salfredin A3 containing a glutamic acid residue instead of a glycine residue was not significantly affected by addition of glycine as shown in Table 1 To produce sulfredin A4, 12 liters of the resulting culture fluid was transferred into a 500-liter fermentor containing 300 liters of the SSY medium supplemented with 1.0% glycine. The fermentation was carried out at 28°C for 14 days under agitation at 220 rpm and aeration of 180 liters per minute. The back pressure of the fermentor was set at 0.35 kg/cm2.
The time course of salfredin A4 production is shown in Fig. 3 . Salfredin A4 production reached maximum (73 1 jug/ml) on the 1 3th day after incubation in a 500-liter fermentor. The fermentation broth thus obtained was processed on a large scale essentially according to the protocol described in Fig. 4 . The overall yield of salfredin A4 was approximately 62.0 g which was used for chemical modification described in the ensuing paper9).
In a similar way, about 1.5g of salfredin C2 was obtained by the same large-scale fermentation.
Isolation
Production from SSY medium: The isolation and purification procedures of the salfredins are outlined in e) Fraction 6 was purified by the same HPLCprocedure to give an eluate, which was recrystallized with MeOHto afford salfredin B1X (42mg) as colorless fine needles.
Structures of Salfredins A3 (la), A4 (2a), A7 (3a),
Salfredin congeners were acidic in nature and were soluble in methanol, ethanol, acetone, and chloroform but insoluble in water. Their physico-chemical properties are summarized in Table 2 . Salfredins were classified into three groups, A, B and C, by the modes of UVabsorption spectra, which showed bathochromic shifts in alkaline solutions (Fig. 5 ). These The relative stereostructure of salfredin A4 (2a) was confirmed by X-ray crystallographyic analysis and *H and 13C NMRchemical shifts of2a could be reasonably assigned, and the mass spectra wereconsistent with its structure. Therefore, the structures of other components were subsequently determined by comparing these MS and NMRspectroscopic data with those of2a. Salfredins A and C had the same furoisoindol nucleus but differed from each other in the iV-alkyl carboxylic acid side chain moiety, except for Bu. The XHand 13C NMRchemical shifts of salfredins are displayed in Tables 3 and 4 .
Structure of Salfredin A Group
The molecular formula of 2a was established as C15H15NO7 from the elemental analysis, SI-MS and 13C NMR spectra. b The value is obscure because of solvent interference.
The relative stereostructure of 2a, which had been postulated by NMRstudies of 2a and 2b, was confirmed by X-ray analysis to be 2-[6-carboxymethyl-4-hydroxy-7-oxo-2,3,5,6-tetrahydrofuro(2,3-f)isoindol-2-yl]-propionic acid having an TV-ethanoic acid (N-CH2COOH) produced from glycine in the molecule. The molecular formulae of salfredins A3 (la) and A7 (3a) were determined as C18H19NO9 and C16H17NO7 by SI-MS and 13C NMR,respectively.
Methylation of la with diazomethane gave the tetramethyl compound (lb). Based on detailed NMRstudies of these com- Therefore, the relative stereostructures of la and 3a were determined to be 2- 
Structure of Salfredin C Group
The molecular formula of 5a was determined as C15H13NO8 by SI-MS and 13C NMR, and the mass number of 5a [ra/z 336 (M+H)+] was 14 mass units more than that of 2a \m\z 322 (M+H)+]. By comparision with the protons and carbons chemical shifts of 2a and 5a in NMR spectra, the structure of 5a was similar to that of 2a with respect to having the same dihydrofuran ring side chain and glycine residue. On the other hand, there was one less methylene group (-CH2-) 174.98]. In the UVspectra, the absorption band of 5a shifted to a longer wave length than that of 2a. These data was suggested that 5a was oxidated derivative of 2a at C-5 position. The conversion of 2a into 5a was achieved by chemical method. The oxidated derivatives of 2b by Jones oxidation was identified with 5b which was derived from 5a by methylation. From these results, the relative stereostructure of 5a was determined to be 2-[6-carboxymethyl-4-hydroxy-5,7-dioxo-2,3 , 5,6-tetrahydrofuro(2,3-f)isoindol-2-yl]-propionic acid having a furophthalimide skeleton. The molecular formulae of 6a and 4a were determined to be C16H15NO8 and
CiaHnNOg by SI-MS, respectively/ From XH and 13C NMRspectra, both 4a and 6a showed the corresponding signals to the same furophthalimide moiety of 5a, but they displayed no signals of a carboxymethyl (-CH2COOH) residue, and 6a showed the signals of the -CH(CH3)COOH residue. Moreover, 4a was converted into the JV-methyl compound(4b) by treatment with diazomethane. From these results, the relative stereostructures of 4a and 6a were determined to be
acid, respectively. These structures were supported by SI-MS and NMRdata of the corresponding methyl compounds (4b and 5b).
Structure of Salfredin B
The molecular formula of 7a was established as C13H12O4 from the elemental analysis, SI-MS and 13C NMRspectra. Compound7a did not have a nitrogen atom and propionic acid residue. IR spectra of 7a displayed an absorption band at 1744cm" 1, indicating the presence of a lactone moiety. Since methylation of 7a with diazomethane gave methyl compound7b, 7a was assumed to have one phenol moiety. The structure of7a was postulated by NMR studies of VOL.48
THE JOURNAL OF ANTIBIOTICS 7a and finally confirmed by X-ray crystallographic analysis to be 5-hydroxy-2,2-dimethyl-l ,7-dioxa-cyclopenta(g)coumarin-6-one.
Experimental
NMR spectra were measured with a Varian VXR-200 spectrometer in CDC13or DMSO-d6solution with the internal standard TMS. Mass spectra were obtained with a Hitachi M-90 spectrometer, IR spectra with a Jasco IR-700 infrared spectrometer, and UVspectra with a Hitachi 320 spectrophotometer. Preparative TLC was performed with Merck SiO2 F60.
1. Methylation of Salfredins a) A mixture of salfredin A4 (2a, 1.0g), K2CO3 powder (1.94g) and CH3I (1.8ml) in dry DMF (10ml) was stirred at 50°C on an oil bath for 1 hour. After cooling of the reaction mixture, toluene (30ml) was added to this and then the mixture was madeacidic with 2n HC1. The toluene layer was washed three times with H2O, dried over Na2SO4, and evaporated in vacuo giving a pale yellow oily residue (2b, 1.1 g, ca. 100% yield). b) To a solution of2a (6mg) in MeOH(0.5ml) was added excess trimethylsilyldiazomethane ( 1 0% w-hexane solution) at roomtemperature. After the reaction mixture was left standing overnight, the organic solvent was removed in vacuo and the resulting residue was purified by TLC (KGF, toluene- minutes with stirring at roomtemperature. After stirring for 2 hours, iso-PrOH (0.1 ml) was added to this reaction mixture and then the color of this mixture changed from red to green. The green precipitate was removed from this mixture by filtration, then the filtrate was mixed with 1% NaHCO3(25ml) and concentrated in vacuo for removingacetone. The resulting mixture was extracted twice with EtOAc (75 ml) and the extracts were washed with saturated NaCl solution and evaporated in vacuo giving the crude residue, which was purified by column 3. X-Ray Crystallographic Analysis ofSalfredin A4 The structure of A4 was determined by X-ray analysis.
Colorless plate crystals were obtained from 50% The structure of B x x was determined by X-ray analysis.
Colorless prismatic crystals were obtained from isoPrOH solution. with Ni-filtered Cu-Ka radiation. The data was measured using co-29 scan technique to a maximum29-value of 140°. A total of 997 unique reflections were measured. An empirical absorption correction using the program DIFABS11} was JUNE 1995 applied which resulted in transmission factors ranging from 0.71 to 1.59. The data were corrected for Lorenz and polarization effects. The structure was solved by direct methods12). Non-hydrogen atoms were refined anisotropically.
Hydrogen atoms were refined isotropically. The final cycle of full-matrix least-squares refinement was based on 852 observed reflections [I > 1.0(j(I)] and 129 variable parameters and converged (The largest parameter shift was 0.04 times its esd) with an agreement factor of R=£| | Fo|-|Fc| I/El FoI=°-039-The maximumand minimumpeaks on the final difference Fourier map corresponded to 0.16 and -0.19e/A3, respectively. Neutral atom scattering factors were taken from Cromer and Waber. All calculations were performed using the teXsan crystallographic software package of Molecular Structure Corporation.
